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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a method for 
inexpensively manufacturing with a good productivity a 
high-performance semiconductor device which can input 
and output not only an electrical signal but also an 
optical signal while keeping a form of chip size package, 
and which is provided with electrode pads directly 
connectable to a printed circuit board to allow a 
multiplicity of optical inputs and outputs. 
SOLUTION: In the semiconductor device, a 
semiconductor integrated circuit is provided at its 
periphery with surface emitting type lasers, light emitting 
diodes or an array thereof which has both positive and 
negative electrodes provided on a side opposite to a 
luminous surface, a surface type optical element 12 
having surface type photodetectors with both positive 
and negative electrodes provided on a side opposite to a 
light receiving surface or having an array thereof, is 
connected to a chip by solder bump means with an 
electrode surface 11c of the optical element directed 

downwards. Further electrodes for connection of electrical signals to a printed circuit board 1 7 
as well as a mechanism for input and output of optical signals are provided. 
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JPO «nd MCIPI are not rexpcmibl. for any 
dances ctused by the me of this tremletion. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. *w shows the word which can not be translated. 
3 in the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001) 

[Field of the Invention] This invention relates to the semiconductor device which has the 1 / O 

unit of an optical signal, and its manufacture approach. 

[0002] 

[Description of the Prior Art] Drawing 6 shows the 1 st conventional example of the conventional 
semiconductor device, and shows the cross-section structure typically. This 1st conventional 
example is the semiconductor device which stored the semiconductor integrated circuit 6 1 in the 
Package 62 which carried out the appearance almost comparable as it. and took out the electric 
terminal 63 from the package inferior surface of tongue in the shape of a grid. Such a small 
package is called a chip-size package (CSP). and because it is small, the high-density surface 
mount to a printed circuit board 64 of it becomes possible. Moreover, compared with the 
peripheral structure which takes out a lead from QFP (quad flat package) and a periphery like 
SOP (small outline package), area array structure is small and can take out many electric 
terminals. It is used for current, the logic LSI (large-scale integrated circuit) package of a large- 
sized computer, the communication system application, etc, and it is thought that it becomes an 
important package in a future high density surface mount. Moreover, there are not only the type 
that earned the above semiconductor integrated circuits 61 in the carrier substrate 65 but 
various package gestaJten in a chip-size package, and if the electrode for carrying out direct 
continuation to a printed circuit board etc. is formed even if it only protected the semiconductor 
integrated circuit by resin etc.. K is contained under the category of CSP. In recent years, 
indication that a communication device and the property of the electric wiring which connects 
between them instead of the own engine performance of a semiconductor integrated crcuit to 
tho improvement in the engine performance of a large-sized computer become a bottleneck is 
made. This for example D. A.B.Miller and "Limit to the Bit-Rate Capacity of Electrical 
Interconnects from the Aspect Ratio of the System Architecture. "Special Issue on Parallel 
Computing with Optica Interconnects, and Journal of Para 1 lei Especially increase of the 
power consumption in the band limit of electric wiring, the miniaturization limitation of an 
electrical connector, and the electric wiring section is mentioned as a problem as and Distributed 
Computing and 1996. are stated to the detail. And many approaches of soh/ing those problems 
are proposed and studied with optical wiring which used an optical fiber, optical waveguide, and 
free space instead of electric wiring. When optical wiring performed between semiconductor 
devices, it had to contain the electrical and electric equipment/light-transforming elements, such 
as a Bght emitting device and a photo detector, in the package, and although tho chip-size 
package was a package which was excellent in package size or the band engine performance as a 
semiconductor device which has electric signal I/O. as shown in the 2nd conventional example 
shown below, it could not but become fairly bigger package structure than a chip size. 
[0003] Drawing 7 is the 2nd conventional example of the semiconductor device which has the I / 
O unit of an optical signal, and shows the plan. The semiconductor device shown in the 
conventional example of *w 2 is the juxtaposition optical transmission module of flat package 
TAIFU which carried the semiconductor integrated circuit 71 in the module substrate 75 with the 



electronic parts 72 which aro passive elements, such as resistance and a capacitor, and the 
semiconductor User array 73 and the photo detoctor array 74. and made it possfcJe to perform 
optical signal I/O with the optical fiber ribbon 76 further, and drawin g 7 is the plan. In this 
juxtaposition optical transmission module, the micro-lens array 77 and the short optical fiber 78 
are contained further, and an optical connector receptacle 79 like MT connector possesses in 
one side face of a package. It is condensed by the micro-lens array 77 and incidence of the light 
which carried out outgoing radiation from the semiconductor laser array 73 is carried out to the 
end of the short optical fiber 78 with a <6e length of about several mm. The short optical fiber 78 
is being fixed in the optical connector receptacle 79. and the other end is taken out out of the 
package. The optical fiber ribbon 76 tape-tzed fitting and by connecting with it in the optical 
connector plug 80 corresponding to the optical connector receptacle 79 can perform optical 
transmission of a juxtaposition optical transmission inter module. Moreover, the lead 82 for 
connecting with a printed circuit board 81 possesses this juxtaposition optical transmission 
module in 3rd page other than the side face in which the optical fiber receptacle 79 possessed 
among package side faces, and thereby, it performs electric signal I/O to it Moreover, when 
spreading an optical signal from the optical fiber irbbon 76 to the photo detector array 74. it is 
carried out through a short optical fiber 78 and the micro-tens array 77 completely like the case 
of an above-mentioned semiconductor laser array. Moreover, mounting to the printed circuit 
board 81 of this juxtaposition optical transmission module is performed as follows. 
(0 Change into the condition of having removed the optical connector plug 80. from the 
juxtaposition optical transmission module. 

(2) Carry out temporary loading of the package in the location of the request on a printed circuit 
board 81. and mount and fix lead 82 to the electrode corresponding to a printed circuit board top 
according to surface mount processes, such as a solder re Mow. 

(3) Fit into the optical connector receptacle 79 of a juxtaposition optical transmission module 
the optical fiber ribbon 76 which formed the optical connector plug 80 in the edge. 

(4) Fix the extra length of the optical fiber ribbon 76 on a printed circuit board 81 to the suitable 
location on a printed circuit board 81 with a clip etc. the activity which connects the 
juxtaposition optical transmission MOJURUHE optical fiber ribbon 76 mounted on the printed 
circuit board 81 in the above-mentioned procedure, and contains the extra length — a help — 
not depending — ft does not obtain but automation of a substrate mounting process is made 
difficult. Moreover, as shown in the conventional example of **** 2. the optical waveguide 
components for short distance transmission are needed very much for the conventional 
juxtaposition optical transmission module in many cases in modules, such as discrete microcytics 
components, short optical fibers 78. polymer optical waveguides, etc.. such as the micro-lens 
array 77. These optical components were produced separately, respectively, at the time of a 
module assembly, since it had to opticar-axis-adjust and they had to fix each with high p 
caused the increment in components mark and made difficult miniaturization. k>w-cost-L. 
fertilization of a juxtaposition optical transmission module. Moreover, the semiconductor 
integrated circuit first cut down according to the individual from the wafer, the semiconductor 
laser array, and the photo detector array were carried in manufacture of such a juxtaposition 
optical transmission module by the hybrid according to the individual on the module substrate 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the 1st « ibove— i 



example, the semiconductor device of a chip-size package has only electric signal I/O. and did 
not have tho function of optical signal I/O indispensable in order to perform optical wiring that 
the bottleneck of electric wiring called the increment in the power consumption of the band limit 
of electric wiring, an electrical connector miniaturization limitation, and electric wiring should be 
canceled. Moreover, in the 2nd above-mentioned conventional example, although it has 
semiconductor laser and a photo detector in the package, since one side face of a flat package 
was used for I/O of an optical signal, in I/O of many optical signals, module size was surely large. 
Since handicraft could not but perform the activity which contains the extra length of fitting the 
process to connect and the optical fiber ribbon on a printed circuit board for an optical 
connector plug to the optical connector receptacle provided on one side face of a package after 
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it carries out the surface mount of the package by a solder reflow etc. on a printed circuit board, 
it could not automate a substrate mounting process, but became high in cost. and. moreover, 
was difficult to fertilize. Moreover, it set for the 2nd conventional examplo and the optical 
waveguide components for ultrashort distance transmission in modules, such as microcytics 
components, a short optical fiber, polymer optical waveguides, etc. of bulk, such as a micro-lens 
array, were needed in many cases, and these caused the increment in components mark and 
made difficult miniaturization, low-cost-izing. and fertilization of a juxtaposition optical 
transmission module. In addition, in the 2nd conventional example, although it was receptacle 
type connector structure, there is also a suitable pigtail type which pulled out the about dozens 
of cm optical fiber from the interior of a module. By the pigtail type, since optical fibers are a 
module and one. it even becomes difficulty to carry out the surface mount of the module itself 
on a printed circuit board. After mounting on a printed circuit board, the point which must carry 
out the connector joint of the optical fiber ribbon, and must contain the extra length of an optical 
fiber ribbon by handicraft is completely the same as a receptacle type. Moreover, in manufacture 
of such a semiconductor device, since hybrid packaging of a semiconductor integrated circuit, a 
semiconductor laser array, a photo detector array, etc. was carried out to order for every 
module substrate, it was difficult for man days, such as alignment of each part article, loading, 
and immobilization, to increase, and to realize fertilization to low cost This invention is mado in 
view of the above situations, and the place made into the purpose is to offer the semiconductor 
device which can also perform optical signal I/O in addition to electric signal I/O. with the 
ge start of a chip-size package maintained. Moreover, it has the electrode which can carry out 
direct continuation to a printed circuit board instead of the conventional semiconductor device 
which performs optical signal 1/0 with an optical fiber ribbon from a flat package side face, and is 
in offering the semiconductor device which can also perform much optical I/O further in addition 
to it Moreover, it is in offering the approach of rrarnrfacturing the semiconductor device which 
has the above-mentioned optical I / 0 unit with sufficient productivity. 
[0005] 

[Means for Solving the Problem] In order to attain the purpose of above-mentioned this 
invention, the semiconductor device which has the I / O unit of the optical signal concerning 
claim I of this invention The printed circuit board which a semiconductor integrated circuit etc. 
is itself, for example, consists of a glass epoxy resin substrate. Or it is what has the chip-size 
package structure which can be carried in the ceramic substrate used for murtichip mounting. 
The field luminescence mold laser and LED (bght emitting diode) which have forward and 
negative two electrodes in the opposite side of a luminescence side, or those arrays. An 
electrode surface is turned for two-dimensional light corpuscle children, such as a two- 
dimensional photo detector which has forward end negative two electrodes in the opposite side 
of a light-receiving side, or its array, to the periphery of the above-mentioned semiconductor 
integrated circuit down. It connects with soldering means, such as a solder bump. and. in addition 
to the electrode which makes possible direct continuation of the electric signal to a printed 
circuit board etc.. considers as the semiconductor device which established the I/O means of 
the optical signal which also enables I/O of the optical signal of the above-mentioned 
semiconductor device. 

[0006] Moreover, let the semiconductor device concerning claim 2 of this invention be the 
semiconductor device which has the I / O unit of an optical signal which prepared the metal 
layer which can form a solder bump also in light-receiving side front faces, such as luminescence 
side front faces, such as field luminescence mold bser. LED. or its array, a two-dimensional 
photo detector, or its array, in the chip-size package which contained the two-dimensional light 
corpuscle child according to claim 1. 

[0007] Moreover, the semiconductor device concerning claim 3 of this invention has the device 
in. which beam conversion of the I/O right in a semiconductor device according to claim 1 or 2 is 
performed, equips with the lens-like body which processed or formed in the luminescence side 
front face of a two-dimensional light emitting device, the rear face, the light-receiving side front 
face of a two-dimensional photo detector, or the rear face the lens-Eke body which has a 
condensing operation, or was fabricated beforehand, and uses it as the semiconductor device 



which has the I / O unit of en optical signal. 

[0008] Moreover, the semiconductor device concerning claim 4 of this invention is a means 
which raises the dependability of the semiconductor device of a publication in any 1 term of 
claim 1 thru/or claim 3. and let it be the semiconductor device which has the I / 0 unit of the 
optical signal closed using the transparent ingredient about the wavelength of the light which 
uses a luminescence field and a ligK-recerving field at least of a two-dimensional light emitting 
device or a two-dimensional photo detector. 

[0009] Moreover, the semiconductor device concerning claim 5 of this invention It is what has 
the attachment of the optical signal from the semiconductor device of a publication in any 1 
term of claim 1 thru/or claim 4. The above-mentioned optical-path edge of the optical 
waveguide film of the shape of the optical waveguide which has the optical-path edge of the 
structure which can change an optical path 90 degrees in general, or a sheet On tho optical 
waveguide sheet which formed in the above-mentioned printed circuit board etc. directly, or put 
the optical fiber and was formed The optical-path edge of the structure which can change an 
optical path 90 degrees in general is formed, and this optical-path edge is arranged in the latest 
(directly under [ near ]) of the light-emitting part of the two-dimensional light corpuscle child of 
the above-mentioned semiconductor device, or a light sensing portion. The metal layer by the 
side of the above-mentioned two-dimensional light corpuscle child's luminescence, or light- 
receiving. It considers as the semiconductor device which connects them for the metal layer on 
the optical waveguide film of the shape of the above-mentioned optical waveguide formed in the 
location corresponding to rt, and a sheet, or each optical-path edge of an optical waveguide 
sheet with a solder bump s etc. means, and has the I / O unit of an optical signal. 
[0010] Moreover, the manufacture approach of a semiconductor device of having the I / O unit 
of the optical signal concerning claim 6 of this invention While rt has been the wafer with which rt 
is the approach of producing the semiconductor device of a publication in any 1 term of clam 1 
thru/or claim 5. and the semiconductor integrated circuit was produced The process which 
produces the electrode pad for outputting and inputting an electric signal and an optica! signal. 
The process equipped with the lens-like body which processed or formed the lens-like body 
which has a condensing operation in the front face or rear face by the side of the process which 
carries the above-mentioned two-dimensional light corpuscle child, the above-mentioned two- 
dimensional light corpuscle child's luminescence, or light-receiving, or was fabricated beforehand. 
The process closed with a transparent ingredient about the wavelength of the light which 
luminescence or a ligrrt-receiving field uses at least of the front face by the side of the above- 
mentioned two-dimensional light corpuscle child's luminescence, or light-receiving. R considers 
as the manufacture approach of a semiconductor device of having tho I / O unit of an optical 
signal including the process which carves into the semiconductor integrated circuit according to 
individual. 

[001 1] According to the semiconductor device which has the I / O unit of the optical signal of 
this invention, it adds to the electrode which makes it possible to carry out direct continuation 
of the electric signal to a printed circuit board etc. Since the semiconductor device of the chip- 
size package which has the I / O unit of the optical signal which also enables I/O of the optical 
signal from a semiconductor device is obtained With a chip-size package maintained, it adds to 
I/O of an electric signal The semiconductor device excellent in the engine performance which 
has the I / O unit of an optical signal can be offered. Moreover, instead of the semiconductor 
device of the conventional lead type which outputs and inputs an optical signal through a fiber 
rfcbon from a flat package side face, h is effective in the semiconductor device of the high 
performance which can output and input many optical signals from a smaB package being 
realizable. Moreover, since the semiconductor device of this invention carries out alignment of a 
two-dimensional light corpuscle child array and the optical waveguide using a solder bump and is 
fixed, it serves as stable structure to vibration of a printed circuit board or fluctuation of the 
relative position by the difference of the coefficient of thermal expansion of each part article 
ingredient, and has the effectiveness which can make small effect which gives these optical 
coupling systems. Moreover, since the connector joint process of an optical fiber ribbon and tho 
complicated routing for which it could not but depend on handicraft « a conventional 
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juxtaposition light module caflcd the receipt activity of a complementary Nagamitsu fiber become 
completely unnecessary according to the manufacture approach of the semiconductor device of 
this invention, it b possfele to automate all the mounting processes to a printed circuit board, 
and it is effective in the ability to achieve low-cost-iring and fertilization sharply compared with 
the conventional technique. 
[0012] 

[Embodiment of the Invention] The gestalt of Operation of this invention is illustrated to below, 
and it explains to it further at a detail using drawing 1 - drawing 5 . 

<Gestalt of the 1st operation> Drawing J (a) is drawing showing typically connection of the 
structure of a semiconductor device of having the I / O unit of the optical signal in the gestatt of 
operation of the 1st of this invention, the electric signal on a printed circuit board, end an optical 
signal. Moreover, drawin g 1 (b) is drawing expanding and showing a part of MI cross section in 
drawin g .1 (a). The semiconductor device in the gestalt of this 1st operation is having chip-sire 
package structure which contained LSI chip 1 1 by which the semiconductor integrated circuit 
was produced, and the two-dimensional light corpuscle child arrays 12. such as a two- 
dimensional light emitting device array or a two-dimensional photo detector array, in the package 
of appearance sue comparable as LSI chip 11. However, in drawin g 1 (a) and (b). since it is 



explanation of a configuration, the above-mentioned package is not illustrated. The two- 
dimensional light corpuscle child 12 has two-dimensional light corpuscle child positive electrode 
12a and negative electrode 12b in two-dimensional light corpuscle child Kght-emituhg part 12c 
or the opposite side of 12d of light sensing portions, and is being directly connected to electrode 
pad 11a for two-dimensional light corpuscle children formed at the periphery of LSI chip 1 1 by 
the solder bump 13 in it. Moreover, metal post 1 lb is formed in the center section of LSI chip 11. 
and it is covered with mold resin 1 4. Furthermore, the solder bump 1 5 for connecting with a 
printed circuit board 1 7 is formed in the opposite side of electrode 1 1c by the side of LSI chip 
1 1 of metal post 11b. Here, although loading of the semiconductor laser array to a 
semiconductor integrated circuit and a photo detector array may be performed by carrying out 
hybrid packaging to each after starting it from a wafer to the semiconductor integrated circuit 
according to individual, these are carried with a wafer, and after that as it starts to the 
semiconductor integrated circuit according to individual, you may manufacture to it and it is 
thought that latter one can mass-produce by low cost LSI chip 1 1 which carried the two- 
dimensional Kght corpuscle child 1 2 turns to a printed circuit board 1 7 side the field in which the 
two-dimensional light corpuscle child 12 was carried, alignment is carried out so that the solder 
bump 15 may counter with electrode pad 17a on a printed circuit board 17. and a surface mount 
is carried out by the solder reflow process. Compared with peripheral structures which take out 
a lead from a package periphery, such as a butterfly mold and a DIP (Dual Inline Package) mold, 
many electric signals can be outputted [ semiconductor device / since this semiconductor 
device is area array structure which has stationed the solder bump 1 5 in the shape of an array 
on the package inferior surface of tongue 3 and inputted more from the package of the same 
sire. Thus, since it is constituted by the small package, the electric wiring length in a package 
becomes short and the increment in the power which stops being able to receive the band limit 
of electric wiring easily, and is consumed by electric wiring can be suppressed. Moreover, the 
two-dimensional light corpuscle child's 12 I/O light is taken out from a direct package, without 
minding a short length optical fiber and optical components, such as discrete micro-lens array 
components. Therefore, there can be few components mark by which an assembly is carried out 
into a package, can end. can reduce a man day sharply, and can miniaturize package size sharply 
further. Moreover, on a printed circuit board 17. optical waveguide 16 is beforehand formed 
corresponding to the I/O location of the optical signal of the semiconductor device to carry. 
Edge 16c of this-optical waveguide 16 is processed so that the include angle of 45 degrees may 
be made to the two-dimensional light corpuscle child's 12 I/O light and it has the role to which 
optical coupling of the I/O light of the field light emitting device 12 located up as a reflective 
mirror which made the metal membrane etc. adhere to a TIR (Total Internal Reflection) mirror or 
a 4 5- degree end face is carried out after carrying out 90 optical-path conversion to core layer 
16a of optical waveguide 16. The semiconductor device which has the I / O unit of such an 



optical signal carries out alignment of the electrode 1 7a on a printed circuit board to the solder 
bump 15 of a semiconductor device, is passing through a solder reflow process, and is mounted 
to a printed circuit board 17. Under the present circumstances, since alignment is carried out 
also to optica) waveguide 16 with the two-dimensional light corpuscle child 12 at a position, not 
only the electric connection through the solder bump 15 but optical connection is also made. 
However, since the two-dimensional light corpuscle child 12 and optical waveguide 16 do not 
contact physically, they have depended substrate immobilization of a package only on the solder 
bump 15. Moreover, this optical waveguide is used also in order to connect optically between two 
or more semiconductor devices carried on the same printed circuit board. Therefore, since the 
complicated activity for which it could not but depend on handicraft in the conventional 
juxtaposition light modules, such as a connector joint process of an optical fiber ribbon and a 
receipt activity of a complementary Nagamitsu fiber, becomes completely unnecessary, all the 
mounting processes to a printed circuit board can be automated, and it becomes sharply 
possible low cost-ization and to fertilize compared with the conventional technique, h addition, 
this optical waveguide 16 could be directly formed on the printed circuit board 1 7. For example, 
it may fix to adhesion or a partial target and film -like polymer optical waveguide and the sheet 
which put the optical fiber may be produced. The optical fiber which carried out the distribution 
line is inserted between the sheets of two sheets, it fixes with adhesives etc- and the Utter can 
produce the edge easily by carrying out mirror processing 45 degrees like the above-mentioned 
optical waveguide. When the optical wire length on a printed circuit board is long, or when 
attenuation of optical waveguide poses a problem, it is thought that the connection method using 
an optical fiber becomes dominance. Moreover, in the above-mentioned explanation, as a 
substrate which mounts the semiconductor device which has the I / O unit of an optical signal, 
although the printed circuit board was mentioned, it cannot be overemphasized that a ceramic 
substrate which this is not limited to a standard printed circuit board like a glass epoxy resin 
substrate, but is used for muttichip mounting is included. 

[0013] Moreover, forming a lensHike body in the front face or rear face by the side of two- 
dimensional light corpuscle child Kght-emitting part 1 2c or 1 2d of two-dimensional light 
corpuscle child Kght sensing portions has big effectiveness. Next the LSI chip which carried the 
two-dimensional light emitting device is taken for an example, and it explains using drawing 2 end 
drawin ^ 3 wr,ich expended and showed only drawing of longitudinal section of the near. Drewaig 2 
carries the two-dimensional light emitting device 21 in which forward and the negative two- 
electrodes pads 23a and 23b were formed to the luminescence side 22 and the opposite side, to 
LSI chip 1 1. and shows the semiconductor device which has the I / O unit of the optical signal in 
which the lens-like body 24 was formed on the front face by the side of the luminescence side 
22. Emission light 25a which carried out outgoing radiation from the luminescence side 22 is 
changed into estimation light 25b by the lens-like body 24 It becomes possible to carry out 
optical coupling efficient by performing such beam conversion, when the two-dimensional Kght 
emitting device 21 and the distance between optical waveguides 16 are large. The body 24 of the 
shape of this lena may be produced by what kind of approach. For example, in case appfy the 
polymer ingredient of the shape of a minute quantity of a liquid, then may stiffen it and you may 
form, you may equip with a ball lens with adhesives etc. or the two-dimensional Kght emitting 
device 21 is produced after carrying the two-dimensional light emitting device 21 in LSI chip 1 1, 
it does not matter even if it integrates to a monolithic. Furthermore, the bodies 24 of the shape 
of this lens may be the micro lens of a refraction mold as shown in drawing 2 . and the lens of a 
diffraction mold. Moreover, it is also possible to form a lens -I ike body in a two-dimensional light 
corpuscle child's luminescence aide and the opposite side. Drawing 3 shows the semiconductor 
device which has the I / O unit of forward, the negative two -electrodes pads 33a and 33b. and 
the optical signal that carried the two-dimensional light emitting device 31 in which the solder 
bump 13 was formed so that the luminescence side 32 side might turn to LSI chip 1 1 in the 
luminescence side 32 side. In drawing 3 . to operating wavelength, the substrate of the two- 
dimensional light emitting device 31 is a transparent ingredient and forms the tens 34 of a 
diffraction mold in the luminescence side 32 and the front face of the opposite side. Emission 
light 35a from the luminescence side 32 is changed into collimation light 35b by the diffraction 
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mold lens 34 like drawin g 2 . Since such a diffraction mold lens 34 can produce the configuration 
approximated stair-Hike according to the usual semi-conductor process of having used two or 
more masks, especially monolithic integration is easy for it In addition, in the above explanation, 
although aimed at a two-dimensional light emitting device as a two-dimensional light corpuscle 
child, even if it is a two-dimensional photo detector, it is completely the same. Moreover, 
although the single dimension array was mentioned as the example and has been explained as a 
two-dimensional light corpuscle child, it can carry out as one application of this invention by 
adopting the wiring approach whose I/O of a signal is attained with means, such as multilayering 
of optical waveguide, also about the 2-dimensional array arranged in all directions in the 
direction of a flat surface. Moreover, in the above-mentioned explanation, although the solder 
bump 13 had formed in the electrode pad on the two-dimensional light corpuscle child 12 
beforehand, even if she forms this in electrode pad 1 la on LSI chip 1 1. she does not care about 
it at all. 

[0014] Moreover, it is also effective to carry out the resin seal of the two-dimensional light 
corpuscle child. Drawing 4 is drawing having shown a part of longitudinal section of the 
semiconductor device which has the 1 / O unit of the optical signal which cioyed the two- 
dimensional light corpuscle child with transparent resin to operating wavelengtn. After carrying 
the two-dimensional light corpuscle child 41 in LSI chip 1 1. a two-dimensional light corpuscle 
child's perimeter is covered by the resin 42 for the closures, by giving such a resin seal, a two- 
dimensional light corpuscle child's dependability can be raised, and further, the handling nature of 
a chip-size package can be boiled markedly, and can be raised. Like loading of a semiconductor 
laser array or a photo detector array, the closure by formation of the lens mentioned above and 
resin can be performed to a semiconductor integrated circuit with a wafer, can be made like that 
it seems that it carves into the semiconductor integrated circuit according to individual after a 
series of processes of these, and can manufacture the semiconductor device which has the I / 
O unit of the optical signal of this invention. 

[0015] <Gestalt of the 2nd operation > Drawing 5 is the mimetic diagram showing the connection 
system of the structure of a semiconductor device of having the I / O unit of the optical signal 
concerning this invention, the electric signal on a printed circuit board, and an optical signal. 
Dra*r£ig_5 expands and shows a part of longitudinal section of a semiconductor device like 
drawing 1 (b). The semiconductor device in the gestalt of this 2nd operation is having chip-size 
package structure which stored LSI chip 1 1 by which the semiconductor integrated circuit was 
produced, and the two-dimensional light corpuscle child arrays 52. such as a two-dimensional 
light emitting device array or a two-dimensional photo detector array, in the package of 
appearance size comparable as LSI chip 1 1. The two-dimensional light corpuscle child array 52 
has forward and the negative two-electrodes pads 54a and 54b in the opposite side of 
luminescence side 53a or light-receiving side 53b. and is being directly connected to electrode 
pad 1 la for two-dimensional light corpuscle children formed in the periphery of LSI chip 1 1 by 
the solder bump 1 3. Furthermore, the metal layer 55 is formed also in the front face by the side 
of luminescence side 53a of the two-dimensional Hght corpuscle child array 52. or light-receiving 
side 53b. and the solder bump 56 is formed in it Moreover, metal post 1 lb is formed in the 
center section of LSI chip 11. and it is covered with mold resin 14. Furthermore, the solder bump 
15 for connecting with a printed circuit board 17 is formed in the opposite side of electrode 1 1c 
by the side of LSI chip 1 1 of metal post 1 lb. Furthermore, with the gestalt of this 2nd operation, 
the metal layer 58 is formed in the cladding layer 57b top face in edge 57c of optical waveguide 
57 so that it may correspond with the metal layer 55 of the two-dimensional light corpuscle child 
array 52. and the solder bump 56. LSI chip 1 1 which carried the two-dimensional light corpuscle 
child array 52 turns to a printed circuit board 1 7 side the field in which the two-dimensional light 
corpuscle child array 52 was carried, alignment is carried out so that the solder bump 15 may 
counter with electrode pad 17a on a printed circuit board 1 7. and a surface mount is carried out 
by the solder reflow process. While the solder bump 15 for electric I/O fuses and it is connected 
and fixed with electrode pad 1 7a by the side of a printed circuit board 17 in that case, the solder 
bump 55 formed in the two-dimensional light corpuscle child array 52 also fuses, and it is 
connected and fixed with optical waveguide 57. Thus, there is effectiveness which can make 



small effect which it is uninfluential in stable structure to vibration of a printed circuit board 17 
or fluctuation of the relative position by the difference of the coefficient of thermal expansion of 
each part article ingredient and gives the two-dimensional light corpuscle child array 12 and 
optical waveguide 23 to these optical coupling systems alignment and by fixing using a solder 
bump. 
[0016] 

[Effect of the Invention] According to the semiconductor device which has the I / O unit of the 
optical signal of this invention, it adds to the electrode which makes it possible to carry out 
direct continuation of the electric signal to a printed circuit board etc. Since the semiconductor 
device of the chip-size package which has the I / O unit of the optical signal which also enables 
I/O of the optical signal from a semiconductor device is obtained With a chip-size package 
maintained, it adds to I/O of an electric signal. The semiconductor device excellent in the engine 
performance which has the I / O unit of an optical signal can be offered. Moreover, instead of 
the semiconductor device of the conventional lead type which outputs and inputs an optical 
signal through a fiber ribbon from a flat package side face, it is effective in the semiconductor 
device of the high performance which can output and input many optical signals from a small 
package being realizable. Moreover, since the semiconductor device of this invention carries out 
alignment of a two-dimensional light corpuscle child array and the optical waveguide using a 
solder bump and is fixed, it serves as stable structure to vibration of a printed circuit board or 
fluctuation of the relative position by the difference of the coefficient of thermal expansion of 
each part article ingredient and has the effectiveness which can make small effect which gives 
these optical coupling systems. Moreover, since the connector joint process of an optical fiber 
ribbon and the complicated routing for which it could not but depend on handicraft in a 
conventional juxtaposition light module called the receipt activity of a complementary Nagamitsu 
fiber become completely unnecessary according to the manufacture approach of the 
semiconductor device of this invention, it is possible to automate all the mounting processes to 
a printed circuit board, and it is effective in the ability to achieve low-cost -izmg and fertilization 
sharply compared with the conventional technique. 

[Translation done.] 



httpy/www4.ipdl.ncipi.gOjp/cgH3in/tran.web.cgi.ejje 



2005/10/03 



httpy/www4.ipdl.ncipi.gojp/cgi-bin/tran.web_cgi.ejje 



2005/10/03 



JP.2000-332301.A [DESCRIPTION OF DRAWINGS] 



1/2 "C— v 



JP.200O-3323O1A. [DESCRIPTION OF DRAWINGS] 



2/2 y 



- * NOTICES • 

JPO and PCJPI are not responsible for any 
ttwwtes caused by the use of thie translation. 

I.This document has be«n translated by computer. So the translation may not reflect the original 
precisely. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The mimetic diagram showing the structure of a semiconductor device of having the 
I / O unit of an optical signal which illustrated with the gestatt of operation of the 1st of this 
invention. 

[ Drawin g 2] The mimetic diagram showing the structure of the two-dimensional tight emitting 
device in which forward and a negative two-electrodes pad were formed to the luminescence 
side and the opposite side which were illustrated with the gestatt of operation of the 1st of this 

[Drawing 3] The mimetic diagram showing the structure of the two-dimensional light emitting 
device which formed forward, the negative two-electrodes pad, and the solder bump in the 
luminescence side side illustrated with the gestatt of operation of the 1st of this invention. 
[Drawing 4] The mimetic diagram showing the structure of a semiconductor device of having the 

I / 0 unit of the optical signal which closed the two-dimensional light corpuscle child who 
illustrated with the gestalt of operation of the 1 st of this invention by transparent resin to 
operating wavelength. 

[ Drawin g 5] The mimetic diagram showing the connection system of the structure of a 
semiconductor device of having the I / O unit of an optical signal which illustrated with the 
gestalt of operation of the 2nd of this invention, the electric signal on a printed circuit board, and 
an optical signal. 

[Drawing 6] The 1st conventional example which showed the structure of the conventional 
package mold semiconductor device typically. 

[Drawing 7] The 2nd conventional example which showed typically the structure of a 
semiconductor device of having the I / O unit of the conventional optical signal. 
[Description of Notations] 

I I — LSI chip 

11a — Electrode pad for two-dimensional light corpuscle children 
lib — Metal post 
Mc~ Electrode 

12 — Two-dimensional light corpuscle child array 

12a — Two-dimensional light corpuscle child positive electrode 
1 2b — Two-dimensional light corpuscle child negative electrode 
12c — Two-dimensional light corpuscle child light-emitting part 
12d — Two-dimensional light corpuscle child light sensing portion 

1 3 — Solder bump 

14 — Mold resin 

1 5 Solder bump 

1 6 — Optical waveguide 
1 6a — Core layer 

16b — Cladding layer 
16c — Edge 

1 7 — Printed circuit board 



17a — Electrode pad 

18 — Electric wiring layer 

2 1 — Two-dimensional light emitting device 

22 — Luminescence side 

23a — Electrode pad (forward) 
23b — Electrode pad (negative) 
24 — Lens-fike body 
25a — Emission Kght 
25b — Collimation light 

31 — Two-dimensional light emitting device 

32 — Luminescence side 

33a — Electrode pad (forward) 
33b — Electrode pad (negative) 
34 — Diffraction mold lens 
35a — Emission light 
35b — Collimation light 

36 — Two-dimensional light emitting device rear face 

41 — Two-dimensional light corpuscle child 

42 — Resin for the closures 

52 — Two-dimensional light corpuscle child array 
53a — Luminescence side. 
53b — Light-receiving side 
54a — Electrode pad (forward) 
54b — Electrode pad (negative) 

55 — Metal layer 

56 — Solder bump 

57 — Optical waveguide 
57a — Core layer 

57b — Cladding layer 
57c — Edge 

58 — Metal layer 

61 — Semiconductor integrated circuit 

62 — Package (chip-size package) 

63 — Electric terminal 

64 — Printed circuit board 

65 — Carrier substrate 

71 — Semiconductor integrated circuit 

72 — Electronic parts 

73 — Semiconductor laser array 

74 — Photo detector array 

75 — Module substrate 

76 — Optical fiber ribbon 

77 — Micro— lem array 

78 — Short optical fiber 

79 — Optical connector receptacle 

80 — Optical connector plug 

81 — Printed circuit board 
82 — Lead 
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Abstract 



PROBLEM TO BE SOLVED: To obtain a method for inexpensively manufacturing with a good 
productivity a high-performance semiconductor device which can input and output not only an electrical 
signal but also an optical signal while keeping a form of chip size package, and which is provided with 
electrode pads directly connectable to a printed circuit board to allow a multiplicity of optical inputs and 
outputs. 

SOLUTION: In the semiconductor device, a semiconductor integrated circuit is provided at its periphery 
with surface emitting type lasers, light emitting diodes or an array thereof which has both positive and 
negative electrodes provided on a side opposite to a luminous surface, a surface type optical element 12 
having surface type photodetectors with both positive and negative electrodes provided on a side 
opposite to a light receiving surface or having an array thereof, is connected to a chip by solder bump 
means with an electrode surface 11c of the optical element directed downwards. Further electrodes for 
connection of electrical signals to a printed circuit board 17 as well as a mechanism for input and output 
of optical signals are provided. 
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[00 13] Sfc, BS**?-***^ 1 2 c»J, £>£t> 

ififgcDgjffirffiia <z>* £ a;* o r 7jk o tern 2 & <t vm 3 3r 

m^X&WTZ. H2«, #£t£B2 2 <tS^]CClE££i 
<DW«S'< ? K 2 3 a . 2 3b t^/tSOfcBS^:^** 
2 1 ^LS I 9vV \ 1M58SO; ^7tffi2 2ffl<7>RB 

»*WT*^H*i»4fi*T. *#ffl2 2*>6W»0fc 
IS»#2 5ati. U>X«t(7^»2 4CCj:oT3 'J-rf- 

cir, bs*#*-t-2 i <t, ytmxni bwmh** 

C<DU>X}£cD1&{*2 4(2. i - OJ:9«C*ttr 
fl*lOTfc«to&t». Wxtf, WSJ**** 2 1£LS 
1^77*1 1 (Cg*2 0 fc&tc, »/jN*<0«#ttO# 'J v 

H**4**fiio. &i>r, *ntmtsi*r*jisurt 

£K*S<tOrfeftfefcl». 5 6^ C©U>Xtt©». 
*2 4tf. H2«C7RLfcJ:5ftffl«rffl© , ^^*au>X 
ft:W«ClB6r. @»rS<DU>X-C*orfclli.». 

C<hfcnjf£r&£. 13 3(1, »5feffi3 2ffJCC % ZE£:S<D 
SlS^'v K3 3a, 3 3b<h. B^d^ > ^ 1 3 *JB 
fiSOfcBSI#Bfe*^3 It, ^13 2fiWLS I ^ ? 
7*1 1 ccrfil < <£ ^CCSKUfc*^Wffl^(DAai^at8S: 
ST£¥«#g«4iS0ri*5. H3r«, B8L#BfcS 40 
T-3 lGDSt£(2. ffiffl«SCC^orj8?Htt*tf4'C*0. 
#£t£B 3 2 ifi»M©OT«CH*rSM> l" > X 3 4 
ItC^, 02<LIh]«(C. «feI3 2*80)*»*3 5 
all. [5|»fau>X3 4CC±-3r3y>- hjfe3 5 bCC 
C(DJ:^^|5iJffffiU>X3 4ti, «&<D^ 
X * I > fciI3iM>¥»<* 7* D -fe * IC o r BlSttCCiff 

^±OTBSa*^**#*CCOT*fc#. SS«^ 

: F-r*->rt±<|5ittr*>4. s/c. BSSjteSH'-ior so 
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— 2fc5c7 u -f r ittfl^ o r * ¥B;frHjcc 
ttzzmmrzet . to rjtjss 

cooi 4"] "ifc. B3^*T*«reM±T&c£*j» 
smr^s. a 4a. is^i 1 ^. mmvi&tcttLx 

38IBttWil«c*^r»±L/c**WfS^Aa*«»* 

wr5**(^a©«Wffi©~w**03rciar*s. B 

3236*^4 1*LS I ^v7"l 1 CCtMSUfcf&c, 
3W : iW>«H*»ihffl»«B4 2ra[orc^. c<DJ:9 
tt«jiifl±*is-rcir, Bffl#**<z>««tt«:isj±3 

[0015] (*2©l6jS60JBSS> H5lt **?8(C{S 

s*w«#©Affl*aii**r s^»*«a<o«a 

^SSBOR*7ftr«a:H-C*4. 05(2, HI (b) t 

C©»2©j|»©«««c4aW4¥W»«Btt, 
(«ia(Hl*ffl^"SStx/cLS If^lU, BS^7t 

IW5 2££. LS I f 7V1 1 tfflm3.<Dftj&V -4 X 

l»«S*I5 3 bOJR^LWCCiEifiOHfiifi^'^ K5 4 
a , 5 4 b ^rW Or 0 , LS I f 77*1 I 
Mb/ciM*S^^S^"7 K 1 1 a^ES. *^/c 

^>7'i 3icj;og^?ntt^. ffimft^* 

T\s4 5 2©MI5 3 a.*S^«S76B5 3 b 9J<D« 
BCC4>. 5 5 ri^fiStSft. l^07'5 6« 

4CC«fc0Hta*va>*. lb(0 
L S I f *; 7' 1 1 fflcD^S 1 1 c OS*HS'KC(2. 7' > 

ntl^. ?8(C. C<Dm2<DmJ&<DBJ&Xte. izMfc 
5§5 7<OSgi55 7 clCtoVhf? v KJB5 7 b±ffi(C. 
BSS^S^TU-f 5 2 4)3e«B5 5. fc<tO'. U^/c>^* 
>7'5 6i^f^<i:^. &ig@5 8&&J$LZtlX{,> 
S. BffljtR^TU-T 5 2*SttO/cLS I f'^'l I 
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«\ ESbfcS-f-TlW 5 2 £SiSL/cffl£. 7''J>H 

7±co«ffi^'5r K 1 7 a £^T£ J: o(C&^:btt £ 
n, tt^dU7a-XH«cJ:9»BllSS3*iS. ^co 

r. > hgtg 1 7 »j(o*a^ f i 7 a tmm • m 

M^/d'<>:/5 SfcSBU j6«*H5 7i«» • HE 
CW^IMStT u-f 1 2 £3fcaSigSS2 

3im/^o7m^i4t^, isr^ci io 

[0016] 

/eg sr. ^mws^coAffl^ccjnx.r. ^Wft-^o 
Aa^»*wrstt(fecc«nfc4£»{«sa*a«rs 

/ < »; > £ ft u tj6¥««f©AU* 5 SfcftO U - 
WBk^^Wfll^OAffl^tjff 5 Ci©t*SIISlO 

(a i ] *&w<om i ©jas©«fflrffbso 

■*oAffl*«**wrs***Ra<Dfliit*7ftr«a: 
a. 

[0 2] *nm<on i wmfco&nvvtfriLtcRjmt 

(S3] 1 <0KiS<0jBj!Sr«l7RLfc»*BIW 

ccx <h coiaims^ < v f i tc > y'^Bf& l temm 

^^(DI^^.tTM. 50 



1^2 00 0 - 3 3 2 3 0 I 
12 

©AU*»»*wrsiW^B(D«ia47Rr«saa. 
[0 5 ] *«wo»2<D3ijte©»srW5ftofc3e¥«}« 

^OAffl*»**W-rS*W(*S6iIO«iBi7''J > h§ 
3:0. 

[06] se*cD^-->^-^s^($^so«ii^^:w 
[07 ] S£3toj6^ttOT©Ata*«»*wr**w* 

1 1 -LS I 9 vV 

1 1 a-BBSl*JR^ffl*1S^- y F 

1 1 b- > SjUtFX h 

1 1 c-IS 

1 2 - BSStftSR^T lW 

1 2 a--ffii§S3fcSTX^S 

1 2 b---BSaft*-y-J«ffi 

1 2 c-a5SB*3R^»36SB 

1 2 d-BSBI6**«*» 

1 3 ■"U^/c^'>^ 

1 4-*-iUK«|g 

1 5 

1 6-jtea»SBg 
1 6 a-o7@ 
16b»^7? F® 
1 6 c-«ff 
1 7-^'J> FS« 
1 7 a-SS^v F 

1 8 -«mgas« 

2 i -BsajwsHP 

2 2 •••j%7feM 
2 3 a-«i^7 F (X) 
2 3 b-««-rC* F (fi) 
2 4-U>X«(D^($ 
2 5 a 

2 5 b-n h:7C 

3 1 -Bsa***?- 

3 2-»tB 
3 3 a-*ffi;<v F (X) 
3 3 b F (ft) 

3 4-lsJSr5SU>X 

3 5 a-»«oe 
35b-o'jy-F^ 

4 I -ffifil***- 

4 2 -«±JBttMS 

5 2-®S7tS^ruw 

5 3a ■ ^Tfcffi 
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5 3 b-ft*BB 

5 4 a K (IE) 

5 4 b'-Wfriv K (S) 

5 5 ■■•£JgJS 

5 6 • ~ktA*itd'<>'7 

57a-o7JS 
5 7 Kffl 
5 7 c-&« 

5 8 -£«B 

6 1 ^{*ISSIe!SS 

6 3 
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* 6 5-+t»J75S 
7 1 

7 2 -flJ^-SMia 
7 3-*g($U-f7M 
7 4-§^7U>{ 
7 5 -tya-^Sffi 
7 6 r 

7 7 -^-f 5>a u>X7 W 

10 7 9 -- ^7 

8 0-jt7 r I'^^ZZV^V 
8 1 -7'J > h^t£ 

8 2 - 'J - K 
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[02 ] 




17* 



I 1 "-LS l + 

1 1 b -> K 
1 I c - W* 

i i-aBCitta-y-r w 

1 3 —tt A, 



is 

i s 7 

» 6 

1 6 c-«at 

1 7-ru > h«« 
1 7 & y K 

I 8 




I I b-*****, h 
I 1 c ••♦*« 

1 4 -^-jv Kfifffl 



a i -wmajftJUT 

2 3 H (£> 

2 3 b-USyt-; K (A) 
2 4...U>X*<0** 
2 5 a-Sft* 
2 Bb-3 »J * — hit 



£06] 



B 6 



ly" 



,64 



6 1 -^*»«0B 
6 6-*Y'J T*fi 
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[03] 




i i c-mm 

l 5 -tiA.£/1>;r 



3 i -Higua*** 
3 2 -j93taa 

3 3 a-*«,»t* H (IE) 
3 3 h-Msty H (JU 
3 4 —ta«rMV>JC 
3 5 a ft* 
3 6 b—3 

3 6-maa*;K?A0 



(84 ] 




I l-LS Ifj7 
I 1 c 

4 I -"(MX*? 

* 2 •••>rjtffl*aB 
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H 5 




i i -l s i +v? s 2-aasjtai-*7uw 

1 1 b— A * A.** K S3b-*3t£B 

1 1 c-«* 5 A a H (iE) 

I 3— tt/,ey<>3r 6 4 b ■•-«*/< v H (jfO 

5 7 e-tf)B 
5 8« 
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